The present study uses power data from panel meter connected to the micro-grid to identify electrical energy consumption of the school appliances and their behavior in both warm-up, standby and active operation states. Before the conduction of experiments a load auditing of the school appliances was carried out by reading the rated power of each device (e.g. photocopy machine, printer, and fridge). The captures of this kind of information were essential as it provides a starting point to determine energy use of each appliance and hence simplify the process of identification. The electric parameters such as active power, reactive power and current were used to analyze the behavior of electrical appliances in all states. Experimental results show that, both active and reactive power were found to be high for old Canon photocopy machine as compared to new Canon photocopy machine. Another experiment reveals that printing one copy by using HP laser printer consumes about 700 W, while photocopying one copy with new Canon machine utilizes approximately 1100 W. This study concludes that new photocopy machine consumes more electric energy in warm-up state as compared to other states (standby and active operation states). Future work is to develop an algorithm for demand side management strategies which will enable efficient utilization of the electric energy from the micro-grid and hence bring the intended energy impact to the school.
Introduction
Nowadays, identification of electrical appliance use from electricity meter panels has become an area of study on its own due to environmental and economic issues [1] . Accurate and reliable electric load identification and monitoring provide critical information that enables households to effectively manage their electric loads [2] [3] [4] [5] . A proper load identification system can help increase system efficiency by reducing the energy consumption and thus promoting greener energy use [6] [7] [8] .
Over the past twenty years, many approaches have been proposed to monitor and identify electric loads. These methods can be broadly divided into two main categories: transient state and steady state [9] [10] . In case of transient, the primary approach of load separation is based on identification of state transitions which in most cases is done by the ON/OFF transition identification [1] . Thus, transient behavior of a typical load is intimately related to the physical task that the load performs [11] [12] [13] . In contrast, method based on steady state features is derived using constant or periodical signals when the electrical loads operate under a stable state [9] . In comparison with steady state signatures, the transient behavior of major appliances is found to be distinct and their features are less overlapping [4] . Regardless of the electrical parameters chosen to create the load signatures, the recognition algorithm can operate using three different approaches: analyzing the transient characteristics (the period of time when the load is turned ON or OFF), the steady state characteristics or a combination of both [14] . Guzel and Ustunel [15] , suggested that the use of both transient and steady states can increase the possibility of identifying which load type is turned "ON", since single state signature has its own limitation. Thus, this study considers both warm-up and standby states to determine the behavior of different electrical appliances at Ngarenanyuki secondary school. On the other hand, traditional load signature studies and disaggregation research focused on macro load signature, such as real and reactive power [16] . Therefore, this work also uses active and reactive power plotted in the P-Q plane to identify the turn ON and OFF of school electrical appliances.
Methods
In this study the following methods were used; load assessment, load identification experiment, and load identification analysis.
Description of Ngarenanyuki Energy Systems
This study was conducted at the Ngarenanyuki Secondary School, which use a micro-grid hybrid generation to power the school. Figure 1 shows the layout of the main buildings in the school. Figure 2 illustrates the layout of the currently installed hybrid power systems, which include micro hydro power plant, solar PV, diesel generator and battery backup. The architecture of the apparatus is composed by: 1) a conversion switchboard (Q1) which considers the new installation of PV and battery bank system and the bi-directional Interface Converter; and 2) a distribution switchboard (Q2) able to work on two bus bars, integrating programmable logic controller (PLC) Journal of Power and Energy Engineering system, panel meters, and local user interface in order to manage the power flow control strategies from the power sources.
Load Assessment
Energy auditing is one way to obtain accurate and objective assessments of how to achieve savings [18] . Therefore, before performing load identification expe-
riments, the first thing was to assess the electrical appliances of the school. The actual appliances of each load were identified and recorded to the energy assessment sheet. The following information was recorded to that sheet; type of appliance, model, size, quantity, rated power/voltage/current. This energy audit information was used as a starting point for the load identification analysis.
Load Identification
In load identification method, the key step is how to get the signatures of sample [2] . The electrical loads often present unique characteristics in the electric signals (i.e. voltage, current, and power). Such load characteristics provide a viable mean to identify the type of a load (e.g. PC, heater, lamp) and its operational status (e.g. active, ready, stand by) by analyzing the electric signals [9] . To classify the load signatures some of its features are responsible like current waveform (CW), active/reactive power (PQ), harmonics (HAR), instantaneous admittance waveform (IAW), instantaneous power waveform (IPW), eigenvalues (EIG), and switching transient waveform (STW) [19] . Methods to detect electrical loads through voltage, current and power measurements have been proposed by various researchers [9] . In this study the data consisting of the active power, reactive power, voltage, current and frequency signals were acquired from the meter panel. The analysis was mainly based on active power, reactive power and current. The voltage signal was not used as a parameter for load identification, as the voltage variations were negligible for the most part and in due course do not affect the identification results [14] .
Experimental Setup
The Ngarenanyuki Secondary School blocks are divided into three loads. Load 1 includes administration, classrooms, library, and rest house blocks. Load 2 is connected to teacher's houses and girls dormitory, whereas load 3 power both kitchen and canteen blocks. In this experiment only load 1 (administration and classroom blocks) and load 3 (canteen blocks) were studied. The following electrical appliances were considered; lights, Tube lights (18 W and 36 W), photocopy machine (1000 W), printer (600 W), freezer (1500 W), desktop and laptop computer (90 W).
Experimental Procedure
During the experiment other blocks were switched OFF at the main switch to obtain the reading of electric energy consumption for the respective block only, as shown in Figure 3 . Each experiment was video recorded in order to recall the starting and ending time of the experiment. After all experiments were completed, the energy data was downloaded from the meter panel.
1) Administration Block Experiments
In this block three independent experiments were carried out. The first experiment explores the variation of electric power consumption when some of the appliances are turned ON and OFF as shown in experimental procedure Table 1 with transitions highlighted in red. Second experiment ( turning ON some appliances, and then making a photocopy and printing. For the third experiment the photocopy machine was switched ON for about 10 seconds and then commanded to make 10 copies before being switched OFF as shown in experimental procedure Table 3 .
2) Canteen Experiment
In this block only one experiment was conducted, to identify the variation of electric power and current of the lights and freezer when switched ON and OFF as shown in experimental procedure Table 4 . 
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Experimental Results
The 
Warm-Up and Standby State Results
The patterns for both switching ON and switching OFF current and active pow- Looking at Figure 5 , load pattern for desktop computer is contrasted with the HP printer. HP printer draws more current and active power when turned ON as compared to desktop computer. On the other hand, the difference between current and active power waveform for both appliances are hardly noticeable denoting a fairly constant voltage. However, the load pattern of the two appliances differs considerably. Figure 6 presents the comparison of load pattern for new and old photocopy machines. Although the two photocopy machines have slightly different loads, both have similar patterns in current and active power spectrum. Looking in the Figure 6 power consumption is higher for the old photocopy machine as compared to new photocopy machine. There are slight increase of current and active power for second switch ON and OFF, as compared to first action Figure 7 presents behavior of freezer when switched ON and OFF twice. Its event detection is observed by the peak values of both current and active power. It is noteworthy in the plot that the waveform responses are slightly different for the two sequences observed. Figure 8 shows that the reactive and active power analysis differentiates appliances in the P-Q plane. In Figure 8 Figure 8(b) shows the spatial view of HP printer, New CANON and old photocopy machines which are presented by blue, pink and red color respectively. In Figure 8 (b) the reactive power is observed to be high for old Canon photocopy machine followed by new photocopy machine and the last is printer. Figure 9 illustrates the observed current and active power for the printer and new photocopy machine operating in different conditions. Looking at the Figure   9 it is clear that the amount of current and active power used for photocopying one copy is higher as compared to printing one page. However, the active power signature is the same as current for both machines. The maximum printing current and active power was found to be 3.5 A and 700 W respectively. On the other hand, maximum photocopying current and active power was found to be 5.8 A and 1100 W respectively.
Reactive and Active Power
Operation State Results
Printer and Photocopy Machine
Photocopy Machine
When an electric load such as the photocopy machine is turned on the current waveform experiences high fluctuations at the time of switch ON. Those fluctuations need to be captured in a suitable format so that they can be used to automatically detect the event of switch ON [20] . As such this study also makes the comparative of all states using photocopy machine. Figure 10 illustrate the 
Conclusion
This paper presents load identification of school electrical energy consumption in different operation states. The goal is to identify electrical appliances and working style which will then help end users of electric energy to monitor the consumption and hence bring the intended energy benefits. The results of load identification indicate that some appliances could consume more electric energy in the energization state than in active operation state (e.g. photocopy machine, printer, and freezer). Further, old photocopy machines were observed to consume more power as compared to the new one. Future work will collect more data with more loads and study both switch ON and switch OFF signals to explore load signa-Journal of Power and Energy Engineering ture analysis methodologies. Another area for future research is to develop demand side management strategies by integrating the load signatures results with the impact that electricity has on the quality of life in the context of universal access of energy for remote rural communities.
